Introduction
Glutamate and aspartate are members of a family of neurotransmitters called the excitatory amino acids. The effects of excitatory amino acids on the endocrine system have been well documented (Estienne et al., 1997 (Estienne et al., , 2000 , and the compounds may affect growth performance of domestic animal species. reported that feed conversion efficiency was improved by 5.4% in female broilers fed n-methyl-D,Laspartate (NMA), a potent agonist of glutamate and aspartate receptors. In that study, feeding NMA also decreased the percentages of abdominal fat pad and 2504 a cubic effect (P < 0.05) of NMA treatment on first-rib backfat thickness. In response to graded levels of NMA, backfat thickness at the 10th rib (P < 0.08) and last rib (P < 0.03) increased in a linear fashion. The NMA had no effect (P > 0.1) on backfat thickness measured at the lumbar vertebra or longissimus muscle area measured at the 10th rib interface. The percentage of lean in the carcass decreased in a linear fashion (P < 0.05) in response to increasing levels of NMA in the diet. In summary, NMA had an overall negative effect on growth performance and carcass yield characteristics in barrows. The dichotomous effects of NMA on feed efficiency and body composition in poultry and swine warrants further scrutiny.
shell fat in carcasses by 12.5%. Treatment with NMA increased circulating concentrations of insulin-like growth factor-I (IGF-I) when gavaged into the crop of broilers , providing further support for the concept that the compound is orally active. Moreover, administration of NMA via gastric cannulas increased the secretion of growth hormone (GH) in gilts (C. R. Barb, unpublished data). The effects of NMA on growth performance and adipose tissue deposition in swine have not been reported. Thus, the objective of this experiment was to determine the effects of feeding NMA to barrows on growth rate, feed consumption, feed conversion efficiency, and carcass yield characteristics. individually penned (approximately 2.24 m 2 of totally slatted floor space per pen) in an environmentally controlled room and were exposed to an ambient temperature of 23°C and a light:dark cycle of 12 h light:12 h dark.
Materials and Methods

General
Barrows were allowed ad libitum access to water and a commercially prepared swine diet (No. 6261, Southern States Cooperative, Baltimore, MD). The fortified, corn and soybean meal-based diet met or exceeded NRC (1998) recommendations for nutrients and was calculated to provide 16% CP, 0.75% total lysine, 4.3% crude fat, 3.7% crude fiber, 0.64% calcium, 0.54% total phosphorus, and a metabolizable energy concentration of 3,222 kcal/kg (as-fed basis). Feed was purchased in bulk and was then transported to the UMES Swine Research and Education Facility, where appropriate levels of NMA (0, 100, 200, or 300 mg/kg) were added and mixed using a horizontal mixer.
Protocol. Barrows received the control diet (n = 8) or the control diet plus NMA (D,L racemic mixture; Degussa Corporation, Ridgefield Park, NJ) at levels of either 100 (n = 8), 200 (n = 8), or 300 (n = 8) mg/kg for 36 d (d 1 = 1st d of treatment). Levels of NMA were chosen to approximate levels shown to enhance feed efficiency (375 mg/kg) and decrease carcass fat (250 mg/ kg) in broilers . Barrows were weighed at the beginning and end of the experiment and average daily gain (kg/d), feed consumption (kg/d), and feed efficiency (gain/feed) were determined.
On d 37, pigs were killed (electrical stunning followed by exsanguination) at the USDA abattoir in Beltsville, MD, following FSIS guidelines (FSIS, 1979) . Carcasses were separated down the midline and backfat depth measured above the first rib, 10th rib, last rib, and last lumbar vertebra using a stainless steel ruler. Average backfat thickness was the average of backfat measurements determined at the first rib, last rib, and last lumbar vertebrae. A cross-sectional cut was made between the 10th and 11th ribs; the longissimus muscle was traced, and the muscle area determined from the tracing using a planimeter. The percentage of lean in the carcass was determined as described in Procedures to Evaluate Market Hogs (NPPC, 1991) .
Statistical Analysis. Three animals (one control and two animals receiving NMA at a level of 100 mg/kg) that were identified as cryptorchids at slaughter were excluded from the statistical analyses.
Statistical analyses were conducted using the Statistical Analysis System (SAS Institute Inc., Cary, NC). Average daily gain, feed consumption, feed conversion efficiency, and carcass data obtained at slaughter were analyzed using ANOVA. The model included treatment (level of NMA) as the main effect, and barrow was the experimental unit. Initial body weight and final body weight served as covariates for analysis of feed consumption and feed conversion efficiency, and carcass traits, respectively. Treatment effects were analyzed for linear, quadratic, and cubic components to assess the dose-response relationship of growth and carcass traits to NMA.
Results
There were no behavioral changes noticed in barrows fed NMA. Average body weight of barrows at slaughter was 99.5 ± 2.3 kg. Growth performance for barrows fed the control diet and diets containing graded levels of NMA are presented in Table 1 . There were no effects (P > 0.1) of treatment on ADG or feed consumption. The gain:feed ratio decreased in a linear fashion (P < 0.03) in response to increasing levels of NMA in the diet.
Backfat thickness for barrows receiving diets containing 0, 100, 200, or 300 mg of NMA/kg are presented in Table 2 . The level of NMA and backfat thickness measured at the first rib had a cubic relationship (P < 0.05). Backfat thickness measured at the last rib (P < 0.03) and the 10th rib (P < 0.08), as well as average backfat thickness (P < 0.03), increased linearly with increasing level of NMA in the diet. There was no effect (P > 0.1) of treatment on backfat thickness at the level of the last lumbar vertebra.
There was no effect (P > 0.1) of NMA treatment on longissimus muscle area (32.7 ± 1.7, 32.6 ± 2.3, 33.0 ± 1.6, and 32.8 ± 0.6 cm 2 , for barrows receiving diets containing 0, 100, 200, or 300 mg of NMA/kg, respectively). The percentage of lean in the carcass decreased in a linear fashion (P < 0.05) in response to increasing levels of NMA in the diet and was 49.2 ± 0.8, 48.7 ± 0.8, 47.7 ± 0.7, and 47.3 ± 0.7 for barrows receiving 0, 100, 200, or 300 mg of NMA/kg, respectively.
Discussion
N-Methyl-D,L-aspartate is a potent agonist of the excitatory amino acids glutamate and aspartate. Treatment of animals with NMA has been shown to alter endocrine function (Estienne et al., 1997 (Estienne et al., , 2000 , as well as growth and body composition (Plant et al., 1989; Harter-Dennis et al., 1994) .
Growth was markedly increased in male rhesus monkeys receiving repeated i.v. injections of NMA (Plant et al., 1989 No effect of treatment (P > 0.1).
e Linear effect of treatment (P < 0.08).
trial in which NMA, at doses of 0, 125, 250, 375, or 500 mg/kg, was fed to female broilers from 28 to 49 d of age. Weight gain and feed consumption were unaffected by treatment. Feed conversion efficiency, however, was improved by 5.4% in birds fed NMA at a dose of 375 mg/kg. The percentages of abdominal fat pad and shell fat in carcasses was decreased a maximum of approximately 12.5% in birds fed NMA at a level of 250 mg/kg. Consistent with the study of Harter-Dennis et al. (1994) , ADG and feed consumption were unaffected by NMA in the current experiment. However, in contrast to the previous work in poultry using similar levels of NMA , feed conversion efficiency was poorer in barrows fed NMA than in controls. The poorer feed conversion efficiency observed in NMA-fed barrows was perhaps related to an alteration of body composition. Backfat thickness measured at the first rib, 10th rib, and lumbar vertebra was increased in response to NMA.
The current experiment did not address the mechanisms by which NMA negatively impacted growth performance and backfat thickness because the anticipated response was for a decrease in carcass fat and improvement in growth performance measures. However, effects of NMA on the hypothalamic-pituitary axis may have been involved. Intravenous treatment of barrows with NMA increased GH secretion (Estienne et al., 1996) , an effect due to action at the level of the brain (Estienne et al., 1996 (Estienne et al., , 1999 . Treatment of barrows with antiserum to growth hormone-releasing hormone (GHRH) blocked the ability of NMA to stimulate GH secretion (Estienne et al., 1996) and exposure of boar hypothalamic and median eminence explants to NMA caused a release of GHRH in vitro (Estienne et al., 1999) . In broilers, NMA gavaged into the crop increased circulating concentrations of IGF-I, perhaps subsequent to increased GH secretion .
Stimulation of the hypothalamic-pituitary-IGF-I axis would be expected to enhance growth performance. Indeed, treatment of finishing hogs with exogenous GH enhances growth, feed efficiency, and carcass leanness (Etherton, 1988) . Therefore, in the current study it is unlikely that GH secretion was enhanced by NMA. In fact, GH levels may have been decreased by NMA, which is consistent with the finding of increased adipose tissue deposition in NMA-fed barrows. In some experimental models, excitatory amino acids have been shown to stimulate not only GHRH secretion but also somatostatin release as well (Brann, 1995) . Elevated levels of somatostatin would result in suppressed GH secretion. Alternatively, the levels of NMA used in the current study could have caused a desensitization of the receptors that stimulate GHRH and hence GH secretion. Clearly, more experiments are needed to address the mechanism by which NMA caused increased adipose tissue deposition in barrows.
In summary, doses of NMA ranging from 100 to 300 mg/kg had an overall negative effect on growth performance and carcass yield characteristics in barrows. These data cast doubt on the potential use of NMA to enhance growth performance and carcass leanness in swine. Finally, the dichotomous effects of NMA on feed efficiency and body composition in poultry and swine warrants further scrutiny.
Implications
Glutamate and aspartate belong to a family of amino acids referred to as the excitatory amino acids. NMethyl-D,L-aspartate is a potent agonist of glutamate and aspartate receptors. Previous work has shown that n-methyl-D,L-aspartate enhances feed conversion efficiency and carcass leanness in broilers. In the current study, however, barrows fed n-methyl-D,L-aspartate displayed poorer feed conversion efficiency and increased adipose tissue deposition. These data cast doubt on the potential use of n-methyl-D,L-aspartate to enhance growth performance and carcass leanness in swine. 
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